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ABSTRACT 



A portable radio telephone handset operates as a data 
transfer terminal as well as an analog cellular telephone 
subscriber station. Two modes of operation, an analog 
cellular communication mode and a Cellular Digital Packet 
Data (CDPD) mode, are available in the handset. The 
handset distinguishes between paging signals indicating 
CDPD mode communications and those indicating analog 
cellular communications. The handset also automatically 
preempts CDPD communications in favor of analog cellular 
communications such as those carried out in an AMPS 
configuration. The handset maintains an active status on a 
CDPD communication channel during a "sleep mode*', 
when the handset can carry out AMPS activity. 

10 Claims, 6 Drawing Sheets 
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METHOD IN A PORTABLE 
COMMUNICATIONS AND DATA TERMINAL 
OPERATING TO OPTIMIZE RECEIPT OF 
BOTH INCOMING CDPD AND AMPS 
MESSAGES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This present application is a divisional application of U.S. 
patent application Ser. No. 08/496,282, filed on Jun. 28, 
1995, now U.S. Pat. No. 5,819,184, which in turn is a 
Continuation-In-Part of U.S. patent application Ser. No. 
08/487,043, filed Jun. 7, 1995, now U.S. Pat. No. 6334,062. 

TECHNICAL FIELD 

This invention relates generally to wireless communica- 
tion devices. More particularly, the invention relates to 
switching wireless portable subscriber stations between both 
data and voice modes. 

BACKGROUND OF THE INVENTION 

The modern analog cellular system for mobile wireless 
duplex voice transmission is called "Advanced Mobile 
Phone Service" (AMPS). The AMPS cellular network uses 
the FCC assigned carrier frequency range of 800 to 900 
MHz. Automobile-mounted cellular units transmit voice 
signals to a cellular base station within a given cell using up 
to one watt of power. Hand-held cellular units using battery 
power supplies transmit voice signals to a cellular base 
station within a given cell using up to one quarter watt of 
transmission power. 

The analog human voice was the signal that the AMPS 
system was first designed to communicate. The AMPS 
system was optimized for carrying as many analog voice 
signals within a given bandwidth of a channel as possible. 
Mobility of the cellular telephone using low power mobile 
units, FM modulation, and the higher carrier frequency 
range (800 MHz-900 MHz) is achieved through a cellular 
arrangement of base stations whereby a user's signal is 
handed off to the next cell site as he or she moves into a 
different cell area. This cellular handoff can cause a tempo- 
rary loss in transmission or reception. However, temporarily 
losing a voice signal is not critical because a user knows 
when there is a signal loss and the voice information can be 
retransmitted. However, signal loss, even though temporary, 
poses special problems for transmission of digital data. 
Some other AMPS cellular problems causing loss in voice 
signals are drops in signal strength, reflections, Rayleigb 
fading, and cellular dead spots. 

The availability of portable computers naturally led to the 
desire to conduct wireless transmission of digital data from 
a remote location. Presendy, the AMPS voice cellular sys- 
tem is being used to transmit digital data in the form of 
circuit-switched cellular data across AMPS carrier channels. 
Raw (baseband), digital data must be converted so that it can 
be transmitted and received across the analog AMPS system. 
One disadvantage to using the AMPS system for data 
transmission is that a narrow channel bandwidth and errors 
in transmission limit the baud rate for transmitting and 
receiving the digital data. As previously stated, loss of raw 
digital data may be caused by other problems in the AMPS 
mobile cellular system. 

Heretofore, providing efficient wireless communication of 
both voice and data signals in an integrated package has 
been difficult. Furthermore, it is difficult to integrate the 
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features of AMPS voice transmission with applications such 
as data transmission, electronic mail, duplex paging, as well 
as the provision of a circuit-switched cellular data interface 
such as a wireless fax-modem, into a single hand-held 

5 battery operated wireless unit. This has been accomplished 
in part by the Cellular Digital Packet Data (CDPD) system 
described in the CDPD specification, Version 1.1, incorpo- 
rated herein by reference as background material. 
The CDPD communication system shares the same carrier 

10 frequencies assigned to the AMPS channels as described in 
Part 405, Version 1.1 of the CDPD specification. 

The base unit or mobile data base station (MDBS 1, as 
illustrated in FIG. 1), of a CDPD system utilizes a channel 
within an AMPS cell to establish a link and communicate to 

15 a user's mobile end system. The MDBS may use other 
frequencies outside of AMPS that are made available to it by 
service providers. The mobile end system (M-ES 2) is a 
portable computer, hand-set or other portable electronic 
device containing a subscriber communication unit. The 

20 MDBS serves as a communication link between the user of 
the subscriber station M-ES 2 and a service provider's 
network of wire lines, microwave links, satellite finks, 
AMPS cellular links, or other CDPD links (such as mobile 
data intermediate system MD-IS 3 and intermediate systems 

25 4, 5, 6) to convey data to another mobile end system, 
computer network, or nonmobile or fixed end-user system 
(F-ES 7, 8). 

The CDPD network is designed to operate as an extension 

30 of existing communication networks, such as AMPS net- 
works and the Internet network. From the mobile subscrib- 
er's perspective, the CDPD network is simply a wireless 
mobile extension of traditional networks. The CDPD net- 
work shares the transmission facilities of existing AMPS 

3S networks and provides a non-intrusive, packet-switched data 
service that does not impact AMPS service. In effect, the 
CDPD network is entirely transparent to the AMPS network, 
which is "unaware" of the CDPD function. 

The CDPD system employs connectionless network ser- 

40 vices (CLNS) in which the network routes each data packet 
individually based on the destination address carried in the 
packet and knowledge of current network topology. The 
packetized nature of the data transmissions from an M-ES 2 
allows many CDPD users to share a common channel, 

45 accessing the channel only when they have data to send and 
otherwise leaving it available to other CDPD users. The 
multiple access nature of the system makes it possible to 
provide substantial CDPD coverage to many users simulta- 
neously with the installation of only one CDPD station in a 

50 given sector (transmitting range and area of a standard 
AMPS base station transceiver). 

The airlink interface portioD of the CDPD network con- 
sists of a set of cells. A cell is defined by the geographical 
boundaries within the RF transmission range from a fixed 

55 transmission site such as MDBS 1, which can be received at 
acceptable levels of signal strength by mobile subscribers 
such as M-ES 2. The transmitter supporting the cell may be 
located centrally within the cell, with transmission being 
carried out via an omni-directional antenna, or the transmit - 

60 ter located at the edge of a cell and transmitted via a 
directional antenna to cover just a portion of the cell. This 
portion of the second type of cell is referred to as a sector. 
In typical configurations, the transmitters for several sectors 
are co-located. The area served by a set of cells has some 

65 area overlap so that a roaming mobile end system can 
maintain continuous service by switching from one cell to an 
adjacent cell in a manner roughly analogous to the standard 
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hand-off in an AMPS system. The two cells are considered 
to be adjacent if an M-ES can maintain continuous service 
by switching from one cell to the other. This switching 
process, called cell transfer, is done independently of normal 
AMPS hand-off procedures. 

In FIG. 1, the interface (A) between the mobile end 
system 2 and the MDBS 1 is an "air interface" constituted 
by a radio frequency link using standard AMPS frequencies. 
The. MDBS 1 is connected to other mobile data base stations 
through a mobile data intermediate system (MD-IS) 3. A 
number of mobile data base stations can be under the control 
of a single mobile data intermediate system. The mobile data 
intermediate systems are connected to each other through 
intermediate systems such as 4 and 5 in FIG. 1. 

The intermediate systems are constituted by at least one 
node connected to more than one sub-network (such as 
intermediate system MD-IS 3). The intermediate system has 
a primary role of forwarding data from one subnetwork to 
another. The mobile data MD-IS 3 performs data packet 
routing based on knowledge of the current location of each 
mobile end system within the range of the mobile data base 
stations under the control of the MD-IS. The MD-IS is the 
only network entity that is "aware" of the location of any of 
the mobile end systems. However, under some circum- 
stances (as defined by the CDPD specification, Version 1.1 
incorporated herein as background material), particular 
mobile data base stations will keep track of behavior of 
specific subscriber stations. A CDPD-specific Mobile Net- 
work Location Protocol (MNLP) is operated between each 
MD-IS (through the intermediate system) to exchange loca- 
tion information regarding the mobile end systems. 

The overall CDPD network is controlled by a network 
management system (NMS) 10 having an interface with at 
least one mobile data intermediate system 3. Using a special 
protocol, programming instructions can be transmitted from 
the NMS 10 through the MD-IS 3 to any number of mobile 
data base stations under proper conditions. 

Such programming instructions can be used to convey 
useful network data to the MDBS, as well as configuring the 
operation of an MDBS with respect to such critical features 
as maintaining channel queues. The NMS also controls other 
CDPD system characteristics such as the timing of paging 
messages to coincide with the nondormant periods of the 
M-ES hand-sets. One advantage of the subject CDPD sys- 
tem is the capability of providing operating instructions to 
mobile data base stations from the NMS 10 through an 
MD-IS 3, or by a direct connection to the MDBS as is 
outlined in the detailed description of the MDBS architec- 
ture found in the CDPD specification, Version 1.1, Parts 402 
and 403. 

FIG. 2 depicts a comparison between the CDPD network 
illustrated in FIG. 1 and the standard AMPS network. The 
MDBS 1 is the CDPD equivalent to an AMPS base station 
21. Both serve as links to mobile users, 2, 2\ and 2" for the 
CDPD system and 22, 22' and 22" for AMPS users. Both 
AMPS and CDPD functions can be handled by the same 
hand-set or end system equipment. Also, the MDBS 1 is 
preferably located with the AMPS base station 21 as will be 
explained in greater detail later. 

The MD-IS 3 which acts as a local controller for the 
CDPD mobile data base stations connected thereto is 
equivalent to the mobile telephone switch office (MTSO) 23 
used to control a plurality of AMPS base stations 21, 21' and 
21*. In the AMPS system, the MTSO 23 can be connected to 
the various base stations 21, 21', 21" by way of communi- 
cation links, either over dedicated landlines or through a 
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Public Switched Telephone Network (PSTN) . Likewise, the 
connection between MD-IS 3 and the various mobile data 
base stations 1, 1', 1" controlled thereby is made in the same 
manner. However, different signaling protocols are used 

5 than those found in the AMPS system. 

In comparison to AMPS, the infra-structure requirements 
of CDPD are very small. The CDPD base station equipment 
is preferably located at a cellular carrier's cell site along side 
existing AMPS base station cellular equipment. The mul- 

10 tiple access nature of the CDPD system makes it possible to 
provide substantial CDPD coverage to many users simulta- 
neously with the installation of only one CDPD radio in a 
given sector. This multiple access is the result of a mobile 
end-system accessing the CDPD channel only when there is 

15 data to be sent. 

The AMPS base station and the MDBS can use the same 
RF equipment if both are co-located. By contrast, the MTSO 
of the AMPS system and the MD-IS of the CDPD system do 
not have to be co-located in order to share-RF links. 

20 

In the AMPS system, the MTSO 23 has the responsibility 
of connecting the AMPS base station and the mobile station 
to another party through a PSTN 24. The intermediate 
system 4 of the CDPD corresponds to the use of the PSTN 

25 by the AMPS system. Like the AMPS system, the CDPD 
system must also use the public switch telephone network or 
another landline network for completing calls to remote 
parties or systems via a phone system terminal network 28. 
However, the CDPD system employs a different protocol 
than that used by the AMPS system for completing calls over 

30 a PSTN. 

The MDBS maintains zero or more (up to the MDBS 
transmission capability) channel streams across the airlink 
interface, as directed by the MD-IS controlling that MDBS. 

35 The MDBS instructs all subscriber units to change channels 
when necessary such as when an AMPS communication is 
detected on the CDPD channel. Each subscriber unit's 
terminal stream is carried on one channel stream at a time, 
normally selected by the mobile subscriber, preferably based 

4Q upon data received from the MDBS regarding optimum 
channels for CDPD use. The forward and reverse traffic in 
a given cell (the terminal stream of the MDBS) is carried on 
a single DSO trunk, between the MDBS and the MD-IS. 
Communication between the MDBS and the MD-IS over the 

45 DSO trunk follows standard formats such as Tl. 

Within the CDPD network, digital data is transmitted 
between the MDBS and the M-ES using Gaussian Minimum 
Shift Keying (GMSK) modulation. Transmission from the 
base station to the subscriber station M-ES are continuous. 

50 Transmissions from subscriber station M-ES to the MDBS 
use a burst mode in which subscriber station M-ES only 
accesses a channel when it has data to send and the channel 
is not being used by other mobile subscriber stations. This 
allows multiple mobile subscriber stations to share a single 

55 channel, and for data transmission characterized by inter- 
mittent transactions of relatively small amounts of data, 
thereby greatly reducing the connection time compared to 
that when sending digital data over conventional circuit- 
switched cellular modems. 

60 Unlike the signaling schemes used in conventional cel- 
lular modems, which have been chosen based on the need to 
operate within the constraints of the existing voice signaling 
system, the GMSK modulation technique used for CDPD 
communication was explicitly selected with the intent of 

65 obtaining both very high bit transmission rates and very 
good error performance in cellular channels. The fact that 
the choice of modulation was not constrained by a pre- 
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existing signal structure allows CDPD systems to achieve 
substantially greater instantaneous bit rates at very low 
received signal levels when compared to those of conven- 
tional cellular modems. This means that CDPD communi- 
cation systems will provide reliable, high speed data trans- 
mission in many areas where signal quality is inadequate for 
good cellular modem performance. Presently the raw 
(baseband) digital data being transferred across CDPD 
include electronic mail messages, digital fax data, or digital 
data representing a network connection such that files may 
be transferred as if currently connected to a local area 
network. 

The mobile data intermediate system MD-IS 3 handles the 
routing of packets for all visiting mobile end systems in its 
serving area. Two services are performed by the MD-IS: a 
registration service maintaining an information base of each 
M-ES currently registered in a particular serving location; 
and a re-address service, decapsulating forwarded packets 
and routing them to the correct cell. The serving MD-IS also 
administers authentication, authorization and accounting 
services for the network support service applications. 

A CDPD communication system can operate with dedi- 
cated channels set aside from the pool of cellular voice 
channels and reserved for CDPD use. In the alternative, in 
a more typical mode of operation, the CDPD communica- 
tion system can use idle time on channels that may also be 
used by AMPS communications. In this second case, the 
mobile data base station may perform "RF sniffing" to 
determine which channels are available and to detect the 
onset of voice traffic on the channel currently being used for 
CDPD communication. If an AMPS cellular unit begins 
transmitting on a channel occupied by a CDPD 
communication, the CDPD unit ceases transmitting on that 
channel and switches to another available channel (a process 
called "channel hopping") or if no other channel is available, 
ceases transmission until a channel becomes available for 
CDPD use. 

Although the CDPD system shares existing AMPS radio 
frequency channels, as stated above, AMPS calls are given 
first priority, and they are always able to preempt the use of 
any channel being used by CDPD. However, the cellular 
service provider may opt to dedicate one or more channels 
to CDPD usage. In this case, AMPS calls will never attempt 
to pre-empt the channels dedicated to CDPD use. 

In a normal operation of the MDBS carrying out channel 
hopping, the MDBS functions the monitor activity on AMPS 
channels. The MDBS maintains a list of the status (occupied 
by voice or unused) for each channel available for CDPD 
use at the cell. The MDBS selects a channel for CDPD use 
from the unused channels in the list based on a combination 
of criteria (not specified in the CDPD standard) . These 
could include such considerations as: the likelihood that the 
channel will be required by the voice system in the near 
future; the amount of interference present on the channel; 
the amount of interference that the CDPD communication is 
likely to cause to other voice users in different cells, or on 
other sectors; or, other factors. The MDBS transmits a list of 
all channels available for CDPD use (whether currently 
occupied by a voice communication or not) to the subscriber 
stations. The MDBS may execute a channel hop before the 
channel is pre-empted by AMPS communication if the 
MDBS determines that another channel is more suitable. In 
such a case, the MDBS sends a message to the subscriber 
stations commanding them to change to the specific channel 
selected, and then the MDBS executes the hop. This sort of 
hop is much more orderly and efficient than an unplanned 
hop since the subscriber stations do not have to search for 
the next channel. 
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If the present CDPD channel is preempted by AMPS 
communication, the MDBS selects another channel from 
those unused by AMPS communications and immediately 
hops to it without informing the subscriber station (an 
5 unplanned hop). The subscriber station then determines that 
the CDPD signal is no longer present on the current channel 
and searches the other channels in the list to determine the 
channel (if any) to which the CDPD communication has 
hopped. 

10 The CDPD system has the capability of easily interfacing 
with the existing AMPS system and sharing some front-end 
equipment with it. To take advantage of this capability, the 
MDBS must have the capability of physically interfacing 
with existing AMPS base stations. Consequently, the MDBS 

15 should be small, non-obtrusive, and easily accessible with- 
out interrupting existing AMPS equipment. The MDBS has 
to be configured so as to easily be connectable to equipment 
outside the MDBS normally shared with the AMPS system. 
This external equipment found in the AMPS base station 

20 includes an antenna system, RF power amplifiers (in 
particular, linear amplifiers can be shared with existing 
AMPS), RF multicouplers, power splitters, duplexers, and, 
optional equipment Since the MDBS shares the environ- 
ment of the AMPS base station, the MDBS should not 

25 constitute a substantial additional burden upon such support 
systems as environmental control and maintenance. Thus, 
the MDBS must be compact and flexible, constituting only 
those elements necessary for carrying out the MDBS func- 
tions necessary at that cell site. 

30 The use of an effective CDPD system has brought about 
a problem in that a subscriber station must attempt to 
monitor for incoming calls on both CDPD and AMPS 
communication systems. If the subscriber station adheres to 
the timing of the CDPD system, it is likely that some 

35 incoming AMPS communications will be ignored, despite 
the pre-emption given to AMPS communications over 
CDPD communications. And while priority can be given to 
monitoring for AMPS communications, it is probable that 
CDPD communications directed to a subscriber station will 

40 be lost despite the fact that the CDPD system can buffer 
incoming paging signals for sleeping CDPD subscriber 
stations. Existing CDPD communication systems and exist- 
ing AMPS communication systems fail to provide efficient 
monitoring of both modes of communications to prevent 

45 loss of incoming calls. 

BRIEF SUMMARY OF THE INVENTION 

One advantage of the invention resides in facilitating 

5Q efficient switching between data communication and voice 
communication without loss of data communication where 
voice communication has priority. 

A further advantage is in operating the wireless subscriber 
station in a manner minimizing loss of both incoming AMPS 

S5 and CDPD communications. 

Another advantage of the invention is in efficiently per- 
forming a hand-oflf operation of a wireless subscriber station 
in a CDPD communication system without losing incoming 
CDPD or AMPS calls. 

60 These and other advantages of the invention are achieved 
by a subscriber station arranged for communication with an 
analog cellular voice communication system and a CDPD 
communication system, where the subscriber station is oper- 
ated to appear to the CDPD system as if the subscriber 

65 station was in the CDPD mode while the subscriber station 
actually operated in the AMPS mode of communication. In 
effect, the subscriber station deceives the CDPD system into 
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recognizing that the subscriber station remains in the CDPD 
sleep mode to avoid de-registration with the CDPD system 
when the subscriber station actually enters the AMPS mode 
of communication. 

In accordance with one aspect of the present invention, a 
subscriber station is arranged for communication with a first 
communication system and a CDPD communication system, 
where the CDPD system includes first time adjustment 
means for selecting a first time interval between consecutive 
CDPD paging messages sent from the CDPD communica- 
tion system to the wireless subscriber station. The wireless 
subscriber station includes means for requesting communi- 
cation on the first communication system and means for 
requesting communication on the CDPD communication 
system. The subscriber station also has a second time 
adjusting means for selecting a second time interval starting 
at a most recent CDPD communication and ending when the 
wireless subscriber station is expected to enter a CDPD 
sleep mode. The subscriber station also includes means 
synchronizing the first and second time intervals to deter- 
mine respective CDPD and first communication system 
operation schedules. The wireless subscriber station then 
uses means for selecting operation on the first communica- 
tion system during the second time interval. 

As another aspect of the invention, the subscriber station 
operates to appear to be in the CDPD sleep mode while 
actually in the AMPS mode by switching back and forth 
between the CDPD mode and the AMPS mode timed on the 
basis of both the AMPS paging cycle and the CDPD TEI 
notification cycle. 

This operation is facilitated by a wireless subscriber 
station arranged for communication with a first communi- 
cation system and a CDPD communication system where 
the CDPD communication system includes first timer means 
for measuring a first time interval specifying the time 
between consecutive- CDPD paging messages sent from the 
CDPD communication system to the wireless subscribe 
station. The CDPD communication system also includes 
second timer means for measuring a second time interval 
specifying the time between a CDPD system response to a 
polling signal from the subscriber station and expected entry 
of the subscriber station into a CDPD sleep mode. The 
subscriber station includes means for requesting communi- 
cation on the first communication system and on the CDPD 
communication system, means for measuring the first and 
second time intervals, and means for synchronizing the 
duration of the first and second time intervals with the 
CDPD communication system. The wireless subscriber sta- 
tion also includes means for determining respective CDPD 
and first communication operation schedules for the sub- 
scriber station based upon the first and second time intervals 
and a paging cycle of the first communication system. Also 
included are means for selecting operation of one or the 
other of the means for requesting communication based 
upon the operating schedules to scan for incoming paging 
signals on the first communication system while continuing 
to be registered on the CDPD system. 

In accord with a further aspect of the invention, a method 
for communicating between a wireless subscriber station 
and both an analog cellular voice communication system 
and a CDPD communication system provides a subscriber 
station arranged to monitor both incoming analog cellular 
voice communications and incoming CDPD communica- 
tions. The method includes the steps of registering the 
subscriber station with an analog cellular voice communi- 
cation system and CDPD system. The CDPD registration 
system includes synchronizing a first time interval between 
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the subscriber station and the CDPD system where the first 
time interval defines when the subscriber station is expected 
to be on the CDPD channel. In the next step of the CDPD 
registration, the subscriber station is switched from the 

5 CDPD channel to an analog cellular voice communication 
control channel to monitor for incoming analog cellular 
voice communications directed to the subscriber station. In 
final step, the subscriber station is switched back to the 
CDPD channel before the end of the first time interval. 

10 As yet another aspect of the invention, a method for 
operating a wireless subscriber station in a CDPD system 
includes selecting at the wireless subscriber station a first 
time interval beginning at the completion of the most 
previous CDPD communication between a subscriber sta- 

15 tion and a CDPD system and ending when the subscriber 
station is expected to enter a CDPD sleep mode. The 
wireless subscriber station synchronizes with the CDPD 
communication system so that the subscriber station, along 
with the CDPD system, measures a plurality of second time 

20 intervals, wherein the second time intervals selected by the 
CDPD system define a duration of time allowed to the 
subscriber station before registration. The subscriber station 
monitors for incoming paging signals on a second commu- 
nication system channel during the first time interval. Then, 

25 the subscriber station also monitors for incoming second 
communication system on for a plurality of second time 
intervals. Finally, the subscriber station changes modes to 
monitor for incoming CDPD communications on the CDPD 
channel before expiration of the last of the plurality of 

30 second time intervals. 

In a still further aspect of the invention, the objects are 
achieved by a method of effecting handoff of a wireless 
subscriber station from a first cell to a second cell of a CDPD 
communication system is performed. A subscriber station 

35 contains a cell transfer database pertaining to the first cell, 
and registers in the second cell of the CDPD system by 
sending a polling receiver ready (RR) signal to a MDBS of 
the second cell. The subscriber station determines a first time 
interval for a complete Received Signal Strength Indication 

40 (RSSI) scan of the second cell. The subscriber station 
divides the first time interval into a plurality of overlapping 
sequential time slots. The subscriber station then alternately 
scans for CDPD activity and analog cellular voice commu- 
nication activity on alternating time slots for the duration of 

45 the first time interval. The information derived from this 
scanning creates a second cell transfer database for the 
second cell. Once this second cell transfer database has been 
obtained, the first cell transfer database is discarded. 
Yet another aspect of the present invention is directed to 

50 a wireless subscriber station arranged for communication 
with a first communication system and a CDPD communi- 
cation system. The wireless station includes means for 
requesting communication on the first communication sys- 
tem and means for requesting CDPD communication. The 

55 wireless subscriber station also includes means for operating 
on the first communication system while remaining regis- 
tered on the CDPD communication system. 

An additional aspect of the present invention is directed to 
a method for communicating between a wireless subscriber 

60 station and both a first communication system and a CDPD 
communication system. The method includes the steps of 
registering the wireless subscriber station with the first 
communication system and then registering the wireless 
system with the CDPD communication system. In the final 

65 step the subscriber station tunes to a control channel on the 
first communication system while still presumed by the 
CDPD communication system to be on the CDPD channel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a CDPD system. 

FIG. 2 is a block diagram correlating the CDPD system to 
an accompanying AMPS system. 

FIG. 3 is a block diagram of a portable radio telephone 
handset. 

FIG. 4 is a representation of the operating modes available 
to the handset supporting the present invention when used in 
the appropriate CDPD communication system. 

FIG. 5 is a flow chart depicting parallel operation for the 
handset and the Mobile Data Intermediate System (MD-IS) 
used to carry out the present invention. 

FIG. 6 is a time diagram depicting subscriber scanning 
during the RSSI interval. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Achievement of the advantages of the present invention is 
facilitated by the device of FIG. 3. However, the device of 
FIG. 3 is not necessary to carry station having the capacity 
to operate in both the AMPS and CDPD modes of commu- 
nication can be programmed to benefit from the operation of 
the present invention. Whatever type of handset or sub- 
scriber station is used, it is programmed to take advantage of 
certain operations normally carried out between the handset 
and the CDPD system. These include but are not limited to 
cognizance by the handset of the timing (and synchroniza- 
tion therewith) of the various CDPD system operations such 
as notification messages that incoming data is waiting for a 
specific subscriber station. Requests for modification of 
certain parameters by the subscriber station are also utilized 
as part of the present invention. Modifications are not 
necessary to the MDBS or the MD-IS of the CDPD com- 
munication system. 

Depicted in FIG. 3 is a block diagram of the portable 
communication terminal handset 100 of the present inven- 
tion. In most respects this portable communication terminal 
is similar to conventional portable radio telephone handsets 
in that it includes a radio frequency module 102 having at 
least one radio frequency transceiver. The radio frequency 
transceiver uses a main antenna 104 for both receiving and 
transmitting the various types of signals handled by the 
portable terminal, such as AMPS data (circuit switched 
cellular data) communication, AMPS voice communication 
and CDPD communication. A diversity antenna 106 is used 
as a backup to maintain reception under certain adverse 
conditions. A telephone type handset 112 is used to facilitate 
AMPS voice communication. 

The portable terminal can also be patched into a local 
public switch telephone network (PSTN) by way of a 
digital-analog access interface (DAA) connected to the radio 
control processor 108. This processor, along with control 
processor and modem 109, divides the various control 
functions of the portable terminal including call setup, high 
level protocol, low level protocol, power adjustment, 
modem operation and data transfer between an external host 
computer. To facilitate ease of subscriber use, the host 
computer can be a personal computer (PC) or personal 
digital assistant (PDA) or other electronic device. The 
connection hardware of the portable terminal is of a standard 
type normally used with PC external connectors. 

The portable data terminal handset and subscriber station 
as depicted in FIG. 3 can be configured to permit all the 
modes of operation illustrated in FIG. 4. The circle desig- 
nated as 200 in FIG. 4 represents the menu mode selection 
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by either the operator or programmer of the portable data 
terminal handset. Either of the two modes (AMPS or CDPD) 
can be selected by an operator using a key pad on the 
handset. If data is being entered into the portable terminal 
5 (handset) 100 by a host computer, either the mode or the 
predetermined default setting can be selected as part of that 
data transfer. 

For best results, the illustrated system is normally in a 
low-power "sleep" mode as indicated at 202. This "sleep" or 

10 dormant mode results in the least amount of power expen- 
diture. Normally, the "sleep" mode will be interrupted every 
10-255 seconds to check for messages such as incoming 
paging signals. If none are received, the CDPD mode 
remains idle as indicated at 204. The CDPD can be rendered 

15 active as indicated at 206 by the receipt of a paging signal, 
a command from the host computer or the handset user to 
initiate data transfer in the CDPD mode. The advantage of 
remaining in the CDPD mode is that the battery is not 
heavily burdened so that, based on current battery 

20 technology, talk time at full transmission power is greater 
than 1 hour and standby time while monitoring the AMPS 
control channel is greater than 12 hours. 

Sleep mode procedures are used to place the handset in 
the sleep mode referred to previously. The sleep mode is 

2S defined as an optional mode of operation that might be 
requested by a subscriber station M-ES during the data fink 
establishment procedure (communication between the 
mobile end station and mobile data intermediate system). 
The sleep mode is intended to assist power conservation 

3 Q strategies in the mobile end station. The general operation of 
the sleep mode permits an M-ES to disable or power-down 
its receiver and associated circuitry. This mode is a key 
advantage of CDPD operation. 
The sleep mode procedure operates in the "multiple frame 

35 established state". In this operation, if no frames are 
exchanged on the data link connection between a particular 
subscriber station M-ES and the MDBS after a period of 
time defined by the parameter T203, the data link connection 
may be placed in the Temporary Equipment Identifier (TEI) 

40 sleep state for the handset. While in this state, the overall 
network will not attempt to transmit information destined for 
that M-ES. If, after entering the sleep state, new frames 
become extant and waiting initial transmission, the network 
will broadcast a predetermined message at periodic inter- 

45 vals. This message contains a list of TEI* s for which channel 
data is pending. The mobile end stations are expected to 
wake up at periodic intervals to determine if data from them 
is pending, and notify the network that they are willing to 
receive the pending data. Normally, the M-ES may exit the 

50 sleep state at any time. 

Parameter T203 represents the maximum time allowed 
without frames being exchanged on the data link connection 
before the M-ES is expected to enter the CDPD sleep mode. 
On the user/subscriber (M-ES) side, timing of the parameter 

55 T203 is started or restarted upon transmission of a data link 
layer frame of any type on the reverse channel (from the 
M-ES to the MDBS). On the network side, the timing of 
parameter T203 for a particular M-ES is started or restarted 
upon receipt of a data link layer frame (of any type) on the 

60 CDPD channel. If the value of parameter T203 expires, the 
data link entity will enter the TEI sleep state, and issue an 
indication of this state from the user's side. The layer 
management entity may take power conserving measures, 
such as disabling the subscriber radio receiver or other 

65 non-essential portions of its circuitry. 

A second parameter, T204, represents the time intervals at 
which the network side broadcasts TEI notification of pend- 
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ing data for a sleeping M-ES. A single timing operation for 
parameter T204 is maintained for a channel stream; all user 
side management entities discover and synchronize to par- 
ticular channel streams T204, via the TEI notification pro- 
cedure described in Section 6.8.8 of Part 403 of the CDPD 
specification. The number of frames queued in the maximum 
time for which the network attempts to notify an M-ES in the 
TEI sleep state is implementation dependent. The network 
releases a data link connection and discards all queued 
frames for which the TEI sleep notification procedures are 
aborted. The maximum number of attempts to notify an 
M-ES in the TEI sleep state of pending network transmis- 
sions is designated system parameter N204. The network 
normally aborts a TEI sleep notification procedure for a TEI 
which has been included in a number expressed as parameter 
N204 of successive TEI notification messages without a 
response from that M-ES. Consequently, the subject M-ES 
will be de-registered with the CDPD system. 

Acomplete description of the aforementioned operation is 
found in Section 6.8 of Part 403 of the CDPD specification, 
incorporated herein by reference as background material. 
The parallel operation of the M-ES and the MD-IS is 
depicted in the parallel flow charts of FIG. 5. Both units 
recognize when the last CDPD communication by a par- 
ticular subscriber at an M-ES took place. In this respect, both 
the M-ES and the MD-IS can be synchronized to each other. 
Using internal clocks, both units keep track of the time 
elapsed since elapse of the most recent CDPD communica- 
tion between the M-ES and the MD-IS, as indicated at step 
702. Thus, in operation according to this Part of the CDPD 
specification, if no data is sent in either direction over the air 
link for a certain length of time (parameter T203), the M-ES 
will go into the sleep mode and the network will assume that 
the M-ES is asleep, as indicated at step 703. Once the M-ES 
enters the sleep mode another timing operation is carried out 
in both the M-ES and the MD-IS. 

The total length of this period is defined by the product of 
parameters T204 and N204, previously described. If the 
network has data to deliver to the MES that is believed to be 
asleep, the network will add the TEI for that M-ES to a list 
of sleeping units on a particular channel stream, that have 
data waiting for them. However, the network will not send 
that data (step 704). For each time frame measured by the 
parameter T204, the network will send a TEI indication for 
a particular subscriber unit M-ES indicating that there is data 
waiting for that subscriber station. Thus, the subscriber 
station will have to be monitoring the CDPD channel at 
some time during the time frame defined by T204 in order 
to determine if a message is waiting for that subscriber 
station. 

The list of subscriber stations having waiting messages is 
broadcast to all units on that channel stream periodically in 
a TEI notification message. The time between such notifi- 
cation is specified by the parameter T204. This parameter 
determines the length of time the M-ES is expected to sleep 
before "waking" for its messages. When the M-ES awakens, 
it waits until it receives a notification message. If the TEI of 
that M-ES is on the list, it notifies the network that it is ready 
to receive data. If the TEI of a particular M-ES is not on that 
fist, that M-ES goes back to sleep for another period of time, 
normally specified by the parameter 1704. If a consecutive 
number of notifications (specified by the parameter N204) 
have been made for a TEI without the subject M-ES indi- 
cating that it is ready to receive data, the network will then 
assume that the M-ES is no longer present on the CDPD 
system and discards the data that was pending for that M-ES, 
as indicated at step 705. If the particular M-ES is handling 
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normal AMPS communication for a greater amount of time 
than that encompassed by the product of parameters N204 
and T204, then the data that is being held for that M-ES is 
discarded by the network. Thus, CDPD communication is 

5 lost due to the normal operation of AMPS communication. 
Since AMPS mode operation is recognized as having 
preference over CDPD mode operation, the handset prefer- 
ably spends most of its time monitoring for AMPS commu- 
nication and just enough time in the CDPD mode to pick up 

10 indication of messages for a subscriber station and avoid 
de-registration. Consequently, one mode of operating sub- 
scriber station M-ES according to the present invention 
involves remaining in the AMPS mode monitoring an AMPS 
control channel while periodically breaking away to poll the 

15 CDPD network. When breaking away from the AMPS 
mode, the subscriber station M-ES sends a polling signal to 
the CDPD network to evoke a response and determine if 
there is any data waiting on the CDPD network for trans- 
mission to that subscriber station. After listening for an 

20 appropriate amount of time (usually T203) after the response 
for a return message from the CDPD network, the subscriber 
station then switches modes and tunes back to the AMPS 
channel. Preferably this switch-over occurs before any 
retransmission of relevant AMPS pages that might have 

25 been missed while the subscriber station was in the CDPD 
mode. 

The time frame during which the subscriber station must 
wait after sending the polling signal from the CDPD net- 
work is defined by parameter T203. This is the time that the 

30 CDPD network has to respond to the polling signal from the 
subscriber station to indicate that data is waiting for that 
subscriber station. If the subscriber station misses the wait- 
ing data by going back into the sleep mode, the subscriber 
unit may be deregistered from the CDPD network. 

Once the M-ES has completed CDPD communication, it 
may appear to go into the sleep mode once again and the 
network may interpret the M-ES as being asleep again even 
if the M-ES functions once again in the AMPS mode. For 

^ such operation, different values are appropriate for the T203, 
T204 and N204 parameters than those values for an M-ES 
actually using the CDPD sleep mode in its intended power 
conservation function. 

In practice, the aforementioned operation performs best if 

45 the value for the parameters T203 is smaller than that used 
for the CDPD sleep mode. Consequently, it does not take 
very long for the network to interpret the M-ES as being in 
the sleep mode. This is necessary to facilitate a quick 
response to incoming AMPS communications without los- 

50 ing registration on the CDPD network. The adjustment of 
the T203 parameter to accommodate the operation of a 
subscriber station M-ES is particularly important in fight of 
the fact that it is common for many AMPS systems to repeat 
communication pages on the control channel once every 

55 4-10 seconds. Consequently, it is desirable for a subscriber 
station to be subjected to a parameter T203 that permits the 
subscriber station to change modes and check the AMPS 
control channels in synchronization with the AMPS pages. 
If parameter T203 is sufficiently large, the subscriber 

60 station M-ES shifts modes to monitor the AMPS control 
channels during the duration of the T203 time frame. Thus, 
there is a chance that an indication of incoming CDPD 
communication for that subscriber station will be lost during 
the sojourn on the AMPS communication channel. Also, 

65 there is a chance that the AMPS page may be missed during 
the change in the modes from AMPS to CDPD to scan far 
CDPD messages. Optimum operation requires a value of the 
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T203 parameter based upon the operation of the AMPS 
paging system. 

Id the conventional operation of the CDPD system, the 
subscriber station M-ES cannot unilateraUy control its own 
parameter T203 (the time after which the M-ES will go "to 
sleep" if no data is sent in either direction over the air link). 
The subscriber station must request a value of T203 from the 
CDPD system, and that value cannot be less than ten 
seconds. Also, the parameters T204 and N204 are not 
normally controlled by the M-ES in a CDPD network. 
Rather, control of these parameters resides within the 
network, in particular with the mobile data intermediate 
system to which a particular M-ES is currently assigned. 
Consequently, it is very difficult to coordinate the timing of 
the subscriber station so as to effectively monitor the AMPS 
control channel for a predominant amount of time while 
switching back to the CDPD channel only to receive critical 
paging messages. The necessary coordination of subscriber 
station operation to the AMPS paging cycle (repeated every 
4-10 seconds) while still adhering to the requirements of the 
CDPD paging cycle is quite difficult. 

This situation can be remedied by the operation of the first 
embodiment of the present invention. This includes a pro- 
cess of adjusting certain parameters such as T203 to help 
lead the CDPD network to "believe" that the M-ES is asleep, 
during which time the M-ES enters the AMPS mode 
(including tuning its radio to another channel, if necessary) 
and perform AMPS functions. Parameter adjustment is done 
by the subscriber station. After the AMPS scanning func- 
tions are complete, the M-ES re-enters the CDPD mode and 
notifies the CDPD network that it is ready to receive any 
data that had been pending (by virtue of the TEI of that 
M-ES being on the list of sleeping stations). 

Referring to the arrangement depicted in FIG. 5, the 
subscriber station M-ES appears to enter the sleep mode at 
steps 703(a). However, rather than remaining in the CDPD 
sleep mode, the subscriber station switches modes and tunes 
to an AMPS control channel to monitor AMPS activity. The 
frequency at which the subscriber station M-ES checks for 
AMPS activity is based upon the frequency at which the 
AMPS system sends paging messages indicative of the 
desired AMPS communication to the subscriber stations. 

Likewise, the parameter T204 can be adjusted to facilitate 
the most advantageous coordination between the CDPD and 
AMPS paging cycles. However, in order to carry out such 
coordination, it is necessary that the subscriber station 
synchronize its timing with that of the T204 parameter, as 
well as the T203 parameter. This is a critical attribute 
necessary for all embodiments of the present invention. 

The adjustment of all of the T203, T204 and N204 
parameters by the subscriber station is especially helpful in 
minimizing the time spent monitoring the CDPD channel, 
and maximizing the time spent monitoring the AMPS con- 
trol channel. However, allowing these parameters to be 
adjusted by each subscriber station results in substantial 
control and coordination problems. Control of these param- 
eters by the subscriber station M-ES on a practical basis 
would most likely be limited to control of the T203 param- 
eter due to the limitations of the subscriber stations and the 
complexity of multiple T204 and N204 values throughout 
the area of control handled by any MD-IS. 

Such control can be carried out by the M-ES, either 
manually or automatically. Automatic control can be carried 
out in response to the amount of AMPS usage experienced 
by a particular M-ES. Thus, the MD-IS does not have to 
configure its operation based upon generalized statistical 
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analysis of AMPS versus CDPD usage of all user stations 
associated with an MD-IS serving the M-ES. Rather, param- 
eter selection would be the responsibility of each M-ES. 
These parameters can be sent in any known manner conve- 

5 nient to the normal exchange of data between a mobile 
station and a base station. 

However, the use of different values of T204 for each 
subscriber station could cause an undue control burden on 
the MD-IS controlling the CDPD system, or section thereof. 

10 While such control problems can be overcome by substantial 
hardware and software additions to the MD-IS controlling 
the CDPD system, such modification is not within the scope 
of the present invention. Nor is such operation within the 
realm of the current administrative environment controlling 

15 the operation of CDPD systems. 

In accordance with Version 1.1 of the CDPD 
specification, Part 403, parameter T203 is set responsive to 
a request from the subscriber station M-ES by the CDPD 
system as controlled by the wireless data intermediate 

20 system MD-IS. If no request is made by the subscriber 
station, the CDPD system sets the T203 value by default to 
30 seconds. To facilitate coordination with AMPS commu- 
nication systems, the subscriber station requests the value 
for T203 to be set as low as possible. This minimum value 

25 allowed by the CDPD system is 10 seconds. 

However, even this minimum value is too long to easily 
coordinate with the paging cycle of most AMPS communi- 
cation systems. A lower value of T203 can be designated by 

3Q a subscriber station. However, this value is limited to 0 
seconds, and is indicative of the absence of the CDPD sleep 
mode. This would be impractical for a mobile subscriber 
station that is attempting to monitor both AMPS and CDPD 
paging signals at the same time. 

35 Further, the parameter T204 is set up by the network and 
is not subject to variation by the individual subscriber units. 
A value between 20 and 250 seconds is common. Usually 
this parameter is approximately 1 minute. In the current 
CDPD administrative environment, subscriber stations do 

4Q not make requests to alter the T204 parameter value. The 
T204 parameter is especially critical for the operation of the 
present invention since each subscriber station must be 
synchronized to the T204 timing for the MD-IS controlling 
that part of the CDPD system. While the CDPD specification 

4S does not require that the same synchronization be used for 
all cells controlled by particular MD-IS, it is reasonable to 
expect that this will be done in most cases in order to avoid 
de-synchronization with the TEI cycle (defined by the T204 
parameter) when a mobile subscriber changes cells. This is 

50 critical since re-synchronization of the TEI cycle of the 
CDPD system can take between 30 and 300 seconds. During 
this time, a high risk of losing incoming AMPS communi- 
cations would exist. 

De-registration (requiring between 30 and 300 seconds to 

55 correct) or de-synchronization with the T204 timing would 
occur only if data was waiting for a particular subscriber 
station and that subscriber station did not answer pages for 
a time period defined by the product of the parameter N204 
and the parameter T204. The parameter N204 is not adjust- 

50 able by.the subscriber stations. However, subscriber stations 
are permitted to request variations in this parameter from the 
CDPD network. Parameter N204 is normally set at a value 
of five. However, values of four and six are also common. 
In a typical communications environment, a subscriber 

65 station registers with a CDPD system and requests a T203 
parameter of 10 seconds during the exchange of TEI mes- 
sages and synchronization with the TEI timing (as well as 
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the T203 liming). This process is described as the data link notification messages will be exactly T204 seconds apart, 
parameter exchange in Version 1.1 of the CDPD since they can be buffered in the Mobile Data Base Station 
specification, Part 403, page 53, Table 403-8. In the typical (MDBS) behind other data that is waiting to go out. 
AMPS environment accompanying the CDPD environment, Consequently, the operation of this embodiment of the 
AMPS paging signals are sent every 4 — 10 seconds. A 5 present invention is predicated on the assumption that the 
conflict between scanning for AMPS paging signals and TEI notification will not often be delayed more than 2 
scanning for CDPD indications results due to the aforemen- seconds from the time they are supposed to go out. Such a 
tioned paging cycles for each. This is especially critical for limitation will also aid in facilitating the MD-IS MDLP 
the initial T203 time duration since a subscriber station will re -transmission timers which operate on the order of 5 
be de-registered with the CDPD system if it does not 1Q seconds. Consequently, this limitation is viable in the opera- 
respond to an existing CDPD page during that time. ^ on 0 f t he CDPD system under the aforementioned admin- 
However, if the subscriber station remains on the CDPD istrative environment 

channel during the entire duration of the key 203 time Aspecial situation exists if a cell has more than one active 

period, the subscriber station is also liable to miss an CD po channel stream. This is normally not the case, 

incoming AMPS paging signal. J5 However, as demand for CDPD use grows, the situation will 

In order to avoid the possibility of missing an AMPS soon become a factor in the operation of any CDPD system, 

communication, the present invention switches modes to the an d will create a whole new set of problems. This is not a 

AMPS control channel during the time frame designated by f act0 r when a directed hop is performed by the subscriber 

the T203 parameter (after a response to the polling PR signal station since the subscriber station is told precisely where to 

sent by the subscriber station). The purpose of this shift from 20 tu ne f or tne CDPD channel stream with which the subscriber 

the CDPD mode to the AMPS mode is to remain away from station is associated. However, when an undirected hop 

the AMPS control channel for a total of less than approxi- occurs, it is necessary for the subscriber station to scan the 

mately 3-5 seconds to avoid the risk of missing a active channels to locate the CDPD channel. Acquisition of 

re-transmission of an AMPS paging signal. me JEI notification message by the subscriber station is not 

Assuming that a cell transfer has just been completed (in 2 s a problem since synchronization with the T204 parameter 

approximately one second in accordance with the CDPD already occurred when the subscriber station registered with 

Specification, Version 1.1, the part entitled "Radio Resource the CDPD system. However, the TEI notification message is 

Management"), and that the CDPD network takes approxi- not necessarily in synchronization with the transmission of 

mately 3 seconds to respond to the polling message sent by the channel stream identification number. This number is 

the subscriber station which has just completed the cell 30 needed by the subscriber station to determine if the correct 

transfer, then an effective window of approximately 5 sec- channel stream has been located. 

onds exists for the subscriber station to change modes and if there is no immediate data message for a particular 

monitor an AMPS control channel. There is the possibility of subscriber station upon receiving the TEI, the subscriber 

CDPD de-registration during the 5-10 seconds when the stat i on nas me option of waiting on the CDPD channel for 

subscriber station is tuned to an AMPS control channel. 35 the channel stream identification message, or switching 

However, this possibility is considered sufficiently small as mo( fes to an AMPS channel to make certain that an AMPS 

to be practical within the context of this embodiment of the page nas not been missed. Normally, the channel stream 

present invention. identification message is sent once every 5 seconds while a 

After switching to the CDPD channel for the maximum typical AMPS page is carried out once every 4-10 seconds, 

time possible without missing an incoming AMPS paging 40 Consequently, it may be necessary for the subscriber station 

message, the subscriber station will then switch back to the to jump from the AMPS channel back to the CDPD channel 

AMPS control channel (if no incoming data has been several times to receive at least one channel stream identi- 

detected for the subscriber station on the CDPD channel fication message. Once such a message is received, the 

after approximately 3 seconds) At this point, T204 timing subscriber station ascertains whether that channel stream is 

becomes critical since de -registration and 45 already associated with the subscriber station. If not, the 

de-synchronization can occur if the subscriber station fails to subscriber station sends a polled receiver/ready (RR) signal 

detect a TEI notification message N times in a row (where to the CDPD system indicating that the subscriber station 

N is the N204 parameter minus one). De-registration or has switched channel streams. If the CDPD system has 

de-synchronization must be avoided since the operation of buffered (usually for approximately 2 seconds) any incom- 

registration and re-synchronization can take anywhere from 50 ing CDPD messages for that subscriber station on the other 

30 to 300 seconds. However, a time duration of between 30 channel stream, they are transferred to the new channel 

and 90 seconds is more likely. In either case, substantial stream sent to the subscriber station within the time frame 

chance of losing incoming AMPS communication exists defined by the parameter T203. Once again, the subscriber 

while the re -synchronization is being carried out. station is faced with the problem of staying on the CDPD 

De -synchronization and deregistration will not occur if no 55 channel for the entire duration of the 1203 period, or 

data is being held for that particular subscriber station even jumping back to the AMPS control channel to check for 

if the subscriber station has not monitored the CDPD incoming AMPS pages. Since synchronization exists with 

channel for N TEI notification periods. Normally, the mobile the T203 parameter, the subscriber station has the option of 

station could switch back from the AMPS channel to the jumping to the AMPS channel, as previous described, and 

CDPD channel 2 seconds or so before the end of the T204 eo returning to the CDPD channel before the end of the T203 

time period to wait for the TEI notification message. If there period to receive any incoming CDPD data messages. By 

is no indication of data for the subscriber station within performing this operation, the subscriber station runs a small 

approximately 5 seconds, the subscriber station will switch risk of being de-registered on the CDPD system if any 

back to the AMPS control channel. incoming data messages are missed during the time that the 

Because synchronization is so critical in order to carry out 65 subscriber station is monitoring the AMPS control channel, 

the mode switching of the present invention, a problem The possibility is generally considered small enough to be 

exists in that there is no way to be certain that the TEI worth risking for the sake of maintaining optimal AMPS 
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operating efficiency. If there are no data messages waiting 
for the subscriber station during the T203 period, the 
absence of the subscriber station from the CDPD channel is 
unknown to the CDPD system and de-registration will not 
occur. For optimal performance (with respect to monitoring 
for AMPS communication) if the subscriber station deter- 
mines that it has changed channel streams within the same 
cell, it should go back to the AMPS control channel for a 
minimum acceptable period before coming back to the 
CDPD channel and completing the channel hop by sending 
the polling RR message to the CDPD network. 

When a subscriber station determines that a transfer is 
necessary in accordance with CDPD specification, Part 405, 
the subscriber station will tune back to the AMPS control 
channel for at least the interval between AMPS pages before 
coming back to the CDPD channel and carrying out the cell 
transfer algorithm. If a subscriber unit is "sleeping" (or 
monitoring on an AMPS control channel), there is normally 
no decision making to be made by the subscriber station with 
respect to hand-off. This is not a problem with the CDPD 
system, since there is no reverse channel interference. 
According to the CDPD specification on page 405-25, 
sleeping units do not run the RSSI scan procedure until they 
are ready to transmit. The only factor involved for a sleeping 
subscriber station is that it not move so far away from the 
cell site that it cannot reliably receive the TEI notification 
messages. This can be assured by checking block error rate 
criteria (BLER) while tuning to the CDPD channel to check 
for the TEI notification. 

When a subscriber station completes a cell transfer, it 
sends a polling message to the CDPD network indicating 
that the subscriber station has changed channels. This poll- 
ing message also indicates to the CDPD network that the 
subscriber station is "awake". Consequently, the subscriber 
station is supposed to stay "awake" on the CDPD control 
channel for at least T203 seconds after the subscriber station 
receives the CDPD network response to a polling message. 
Otherwise, if the serving MD-IS has data to deliver to the 
subscriber station before the subscriber station is expected to 
go back to the sleep mode, the MD-IS will attempt to deliver 
the waiting data immediately. If the attempt to deliver the 
subject data to the subscriber station is unsuccessful 
(because the subscriber station is no longer on the CDPD 
control channel), that subscriber station will be de-registered 
with the CDPD system. Thus, there is a strong motivation 
for the subscriber station to remain on the CDPD control 
channel for a minimum of 10 seconds as defined by the T203 
parameter, especially if more than one CDPD channel 
stream exists for the new cell. 

However, this time spent exclusively on the CDPD con- 
trol channel clearly involves some risk of losing incoming 
AMPS calls, especially in an environment where cell trans- 
fers (which require that the aforementioned process to be 
carried out) are relatively frequent. Therefore, the subscriber 
station does not attempt to stay on the CDPD channel for 10 
seconds (the T203 value). Rather, a subscriber station stays 
on the CDPD channel as long as it reasonably can before 
going back to the AMPS control channel to scan for AMPS 
paging signals directed to the subscriber station. By doing 
this the subscriber station runs only a small risk of dereg- 
istration on the CDPD network. 

In order to allow as much time as possible to determine if 
data will be delivered to the subscriber station upon comple- 
tion of cell transfer, cell transfer should take place as quickly 
as possible. Thus, it is necessary to keep the cell transfer data 
base up to date. Otherwise, the subscriber station will fall 
back into the initial acquisition of this data due to insufficient 
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adjacent cell information. This is not a problem with initial 
registration and synchronization since enough time will be 
allowed for the cell transfer data base of the RRME to be 
constructed. However, it is a problem with cell transfer. 

5 In accord with another aspect of the invention, upon cell 
transfer, the subscriber station alternates between the AMPS 
control channel and the CDPD control channel in a pattern 
that covers the entire RSSI scan interval as quickly as 
possible to rebuild the cell transfer data base from the cell 

10 configuration message scanned during the RSSI interval 
before the previous cell configuration data is deleted from 
the subscriber station. 

Normally, the RSSI scan interval is between 30 and 120 
seconds. Hie scan interval must encompass the entire cell 

15 configuration message needed to provide the data base for 
cell transfer. This information includes an indication of the 
existence of more than one CDPD data channel stream in use 
for a particular cell. Because of the necessity of switching to 
the AMPS mode periodically to check for AMPS paging 

20 messages, it is not feasible for the subscriber station to 
remain in the CDPD mode for the entire duration of the 
RSSI scan interval. Consequently, the subscriber station 
must switch back and forth between the CDPD and AMPS 
channels so that a plurality of RSSI scan periods are nec- 

25 essary in order to obtain the entire cell configuration data 
necessary for effective cell transfer. Because this process 
may take several minutes, and a moving vehicle containing 
the subscriber station may require frequent hand-off, it is 
necessary to retain cell configuration data of the previous 

30 cell in order to provide some information if a hand-off is 
needed before the cell configuration data set for the present 
cell is obtained by the subscriber station. 

An additional factor is present by virtue of switching back 
and forth between the AMPS mode and the CDPD mode. A 

35 finite amount of time would be lost each time a mode switch 
takes place. The time needed to tune between the two 
channels plus the time needed for a complete maximum size 
frame to be received by a subscriber station is indicated as 
the parameter g. This is approximately 300 ms. As a result 

40 of this lost time, the RSSI scan interval would have to be 
received on a staggered basis by the subscriber station over 
a plurality of RSSI scan periods, as illustrated in the time 
chart of FIG. 6. 

As used in FIG. 6, the parameter n is the minimum time 

45 between AMPS pages. The parameter g is the guard time 
necessary to allow for tuning between the two modes. As 
long as the maximum time between AMPS pages is less than 
the quantity 2n-g, it will be possible to cover the entire RSSI 
scanning interval in three passes. In order to do this, the 

50 RSSI scanner must be divided into even multiples of 2n. 
Taking as an example a value of 4.5 seconds for n, g will be 
200 ms and the quantity 2n-g will equal 8.7 seconds. These 
are typical values, as is the representative 90 second duration 
for the RSSI interval used in FIG. 6. In the first scanning slot 

55 (n) the subscriber station monitors the CDPD channel to 
obtain the information depicted in that time slot. Afterwards, 
the subscriber station switches back to monitor the AMPS 
control channel, for a period of time. After scanning the 
AMPS control channel, the subscriber station scans the 

60 CDPD channel during the 4n time slot and obtains the 
information regarding the cell configuration data contained 
therein. As the RSSI interval is repeated, the subscriber 
station takes a third pass in the time slot designated 2n 
before returning to the AMPS channel. After monitoring the 

65 AMPS channel, the subscriber station returns to the CDPD 
channel during the time slot designated 5n to collect the data 
contained therein. After the RSSI interval has elapsed the 
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second time, the subscriber station remains on the AMPS 
control channel until the time interval 3n, during which the 
subscriber station collects the data contained therein. Since 
the RSSI scan interval is 90 seconds (a representative value 
typical in many CDPD systems) these three passes are 
necessary in order for the subscriber station to obtain the 
entire cell configuration message. As a result, approximately 
4 minutes are needed for the entire cell configuration mes- 
sage to be obtained by the subscriber station. 

Because of the possibility of de- registration from the 
CDPD system due to extended AMPS use, another feature of 
the invention provides a process of checking for CDPD 
registration periodically Representative time periods vary 
from 5 minutes to 1 hour. However, other time periods could 
be used as deemed appropriate based upon the activity in 
both the CDPD and AMPS systems. During registration 
check, the subscriber station will remain tuned to the CDPD 
control channel during the entire duration of the time period 
defined by the T203 parameter. While this means that the 
subscribe station runs the risk of losing an AMPS commu- 
nication during the time frame defined by the T203 
parameter, this is an acceptable risk if conducted only once 
every 5-60 minutes. The risk is made more acceptable by the 
fact that if de-registration from the CDPD system occurs for 
the subject subscriber station, the re-registration process will 
entail a much greater risk of losing an incoming AMPS call 
directed to the subject subscriber station. In the alternative, 
the subscriber station can remain tuned to the CDPD channel 
as long as possible before switching back to the AMPS 
control channel in time to receive an incoming paging signal 
indicative of incoming AMPS communication. Thus, the 
subscriber station does not remain on the CDPD channel for 
the entire duration of the T203 time period. However, as 
previously explained, the subscriber station runs only a very 
small risk of deregistration from the CDPD system, or a loss 
of the proper CDPD data stream (if more than 2 CDPD data 
streams are used in the present cell) To aid optimal perfor- 
mance of the aforementioned, the configuration timer (as 
described in the CDPD specification, Parts 406 and 507) 
should be set for a long duration, preferably an hour or more. 
A longer configuration time or duration period will result in 
fewer chances of losing incoming AMPS calls since the 
configuration timer will operate less often. 

Although a number of arrangements of the present inven- 
tion have been mentioned by way of example, it is not 
intended that the invention be limited thereto. For example, 
the present invention can be adapted for use with a variety 
of different parameter values and administrative environ- 
ments. Also, the alternate mode to the CDPD mode need not 
be AMPS. Rather, other types of data communication can be 
selected. Accordingly, this invention should be considered to 
include any and all configurations, modifications, variations, 
combinations or equivalent arrangements falling within the 
scope of the following claims. 

What is claimed is: 

1. A method of carrying out handoff of a wireless sub- 
scriber station from a first cell to a second cell in a Cellular 
Digital Packet Data (CDPD) system controlled by a mobile 
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data intermediate system (MD-IS), where said wireless 
subscriber station contains a first cell transfer database 
pertaining to radio frequency characteristics of said first cell, 
said method comprising steps of: 
5 (a) sending a polling receiver ready (RR) signal from said 
wireless subscriber station to a CDPD Mobile Data 
Base Station (MDBS) in said second cell; 

(b) determining a first time interval for a complete 
Received Signal Strength Indication (RSSI) scan of 

10 said second cell by said wireless subscriber station; 

(c) dividing said first time interval into a plurality of 
overlapping time slots; 

(d) alternately scanning said CDPD channel and an 
1S Advanced Mobile Phone Service (AMPS) control 

channel during successive time slots for a first duration 
of said first time interval, thereby creating a second cell 
transfer data base pertaining to said second cell; and 

(e) deleting said first cell transfer database upon acquisi- 
20 tion of said second cell transfer database. 

2. The method of claim 1, wherein step (d) comprises of 
sub-steps of: 

(i) repeating said alternating scan of said CDPD and 
AMPS control channels for a second duration of said 

25 first time interval where said scan on said CDPD 
channel is carried in time slots not scanned for CDPD 
activity in a previous duration of said first time interval; 
and 

(ii) repeating sub-step (i) until all said time slots of said 
30 first time interval had been scanned for CDPD activity. 

3. The method of claim 2, wherein each said time slot has 
the same time duration. 

4. The method of claim 3, wherein each said time slot has 
a duration defined as 2n, where n is the minimum time 

35 between AMPS pages. 

5. The method of claim 4, wherein a maximum time 
between AMPS pages is less than a quantity 2n-g where g 
is a time required for moving from one communication 
mode to another. 

40 6. The method of claim 5, wherein all said time slots at 
said first time interval are scanned within three durations of 
said first time interval. 

7. The method of claim 6, wherein said first time interval 
is divided into a plurality of time slots so that the RSSI scan 

45 interval is an even multiple of 2n. 

8. The method of claim 7, wherein g is approximately 300 
ms and the AMPS paging interval is from 4.5 seconds to 8.7 
seconds. 

9. The method of claim 2, further comprising the steps of: 
50 (f) selecting a second time interval greater than said first 

time interval; and 
(g) sending a polling RR from said subscriber station to 
said MD-IS once during each of said second time 
intervals. 

5S 10. The method of claim 2, wherein said second time 
interval has a duration in the range of 5 minutes to 1 hour. 

***** 
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